This paper challenges the sustainable HCI community to move away from a focus on demand and instead address climate change as a supply problem. We identify a new route to impact, namely addressing the psychological barriers that interfere with political mobilization toward limiting the use of fossil fuels. Five barriers are explored as a means of refocusing research objectives for the community.
INTRODUCTION
Having recently undertaken an extensive survey analysis of sustainability research in computing [18] , which details the many and varied research activities in the area, this paper is inspired by a concern that sustainable HCI seems to be focusing too much effort on a series of minimal-impact solutions for an increasingly serious and imminent sustainability problem, namely climate change. While we intend to underscore the scale and urgency of the challenge by citing important new climate change research [1, 16, 21] , we are by no means the first in the sustainable HCI community to point out the insufficiency of the historical and ongoing emphasis on incremental reductions in energy consumption as a response to this challenge. As one example, Mankoff [19] notes that even if we pursue this strategy alongside efforts such as smart grid and other IT solutions, 'the maximum impact [computing] can have is .6 percent of global energy emissions, assuming that we had a systemic impact on all energy wasted post-grid (not just home heating and cooling in a few households in one or two developed countries).' Since the average annual growth in emissions for the past 160 years is approximately 1.8% [16] , and from 2000 to 2010 appears to be closer to 2.3% growth [1] , this means our maximum potential impact is not even enough to offset this rate of growth, let alone enable overall reductions.
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. For those who recognize the scale of this challenge and the limitations of the tools sustainable HCI has identified for addressing it, the natural question is 'What if sustainability doesn't work out?' [25] . Here we see the emergence of Collapse Informatics [26] , which pragmatically proposes a Plan B: 'If, as increasingly seems likely, humanity is unable to prevent dramatic global change, then adaptation to these transformations will be of growing relevance' [25] . This strategy is in clear contrast to the mainstream line of research (Plan A) that focuses on preventing climate change through incremental reductions in energy consumption.
Plan B is most certainly not a substitute for Plan A; neither do Plan A and Plan B constitute a sufficient response to the climate change problem. Plan A needs to respond to the growing concern that mainstream preventative strategies are minimalimpact and insufficient. It is surely time to re-imagine a more effective preventative agenda for sustainable HCI.
An ostensibly intuitive adjustment to Plan A would be to aim to enable consumers to make significantly greater carbon savings, for example to explore how to break through the current ceiling of 5-15% energy reductions demonstrated by persuasion and eco-feedback [7] . 1 However, the core of the problem is that, if we adopt two degrees Celsius above pre-Industrial levels as the 'safe' limit for climate change (cf. [13] ), in practical terms this means that our proven fossil fuel reserves are approximately 4-5 times the amount we are able to safely burn before passing this limit [1, 20] . This suggests that we cannot succeed by addressing climate change as a demand problem alone.
To the extent that the issue of supply is explored at all within HCI, it is typically within the context of 'peak oil' as a potential catalyst for collapse [25] . In contrast, the real problem is we simply have too much available to burn. Any serious commitment to climate change, therefore, must involve a strategy for getting fossil fuel companies to leave as much as 80% of their assets in the ground. By understanding the current barriers to doing so, we can begin to develop HCI solutions that affect these barriers. We propose a shift toward aiming to affect these barriers to political mobilization as a means of shortcutting to more systemic change, as called for by numerous voices in HCI (e.g. [10, 24, 29] ).
ROUTES TO IMPACT FOR SUSTAINABLE HCI
If there is any hope that fossil fuel companies will be convinced to leave 80% of their assets in the ground as needed to avert climate 'disaster' [21] , it lies in the masses mobilizing in a way that influences policy reform. Important work is being done to understand how we might overcome the psychological barriers that are currently preventing us from taking action on climate change (e.g. [5, 6, 28] ), and we propose below an initial five-point strategy for addressing the issues raised by this research. There is currently some research being done by HCI in these areas -and space permitting we will attempt to acknowledge precedents -but our intention is a) to reiterate the importance of increasing such efforts as core to the sustainable HCI agenda, as well as b) to unify them within a strategy for shifting emphasis toward supply. We offer these up in their current form to garner community feedback that can be incorporated into a more comprehensive publication exploring the potential contributions from HCI in these areas.
Addressing Values: Toward Caring
Periods of prosperity, and the economic security this brings, tend to breed bigger-than-self concern for issues such as equality, civil rights, and protecting the environment [22] . In contrast, authoritarian and self-enhancement values -which have been shown to lead to reduced concern for issues such as climate change and sustainability [5] -tend to be strengthened by the feelings of economic insecurity currently being exacerbated by global recession.
Sustainable HCI often attempts to resolve this problem by leveraging concern about the economy into proenvironmental behavior, by designing feedback mechanisms that translate environmentally beneficial behavior change into cost savings (as discussed in [17] ). Sustainable HCI could have a greater impact by specifically seeking to develop interactions and interventions that activate self-transcendent values that have been shown to increase concern about sustainability [5] . This has the potential to foster the emotional capacity to care about climate change, counteracting the pervasive reinforcement, particularly by advertising, of self-enhancement values associated with erosion of such concern. To be clear, this goes beyond [24] who notes that current interventions tend not to motivate additional or more significant behavior change. Although designing in such a way as to reinforce self-transcendent values may contribute to greater conservation behaviors [6] , more importantly, it is essential for motivating the kinds of actions that can make a more significant difference.
Addressing Material Insecurity: Toward Caring Enough
As raised elsewhere (e.g [3, 8] ), sustainable HCI tends to design for people who have the luxury to care about sustainability. In the context of fostering lasting concern that can motivate political action (while also seeking a sustainability solution that advances social justice around the world), it is important to note that transitional nations that are ramping up their industrialisation, such as China, India and Brazil, see the objective of raising standards of living as far more pressing and real than the projected problems of climate change. This is best expressed by the statement from a Chinese spokesman that, 'You cannot tell people who are struggling to earn enough to eat that they need to reduce their emissions' [22] . In other words, a perceived inability to meet basic needs (i.e. material insecurity) is a major impediment to taking action for climate change. Material insecurity is not just a problem for developing nations, however. It appears to be on the rise in recent years in comparatively wealthy nations, causing people to increasingly rate economic concerns as their top priority [22] .
The strategy described previously to address values may go some way toward elevating climate change as a priority, but this would be further helped by developing interventions that are designed specifically to increase feelings of material security. Here, the goals of sustainable HCI and HCI for Development (HCI4D) might overlap. But increasing material security could also be achieved, for example, by developing tools to help communities maximize and retain their wealth, as being explored through projects such as BARTER (barterproject.org). At the same time, however, as this has the potential to reinforce self-enhancement values (e.g. personal wealth), we suggest that successful approaches would emphasize values associated with community feeling and improved collective wellbeing, as represented by the spirit of Transition Towns [15] .
Addressing Survival Anxiety: Toward Desire for Change
By promoting consumer reductions as its primary avenue to impact, sustainable HCI has reinforced a framing of the climate change solution as 'sacrifice'. This 'sacrifice' frame collides with notions of 'progress' as a continual march toward human improvement, which has become integral to our notions of what it means to be successful humans. 'Sacrifice' may therefore trigger what psychoanalysts call 'survival anxiety' [28] , i.e. not just anxiety about our physical survival, but also about the survival of our notion of ourselves as special and capable of remaking the world according to our wishes. When this human identity is threatened, we are more likely to think irrationally and engage in destructive behaviors.
Nordhaus & Shellenberger [22] argue that this is the root cause of the 'failure' of environmentalism to date, namely that environmentalism promotes a 'politics of limits, which seeks to constrain human ambition, aspiration, and power rather than unleash and direct them' [22, p. 17] . As others have suggested (e.g. [12] ) -albeit in different terms -in order to overcome the disruptive influence of survival anxiety, sustainable HCI needs to replace rhetoric about sacrifice (and, indeed, 'collapse') with a vision of sustainability as the fulfilment of human potential. While partially a marketing challenge for sustainability generally, positive contributions in this area would include the design of aspirational futures, e.g. through exploration of design fictions [2, 27] . Additionally, it would be useful to conduct more fundamental research into ways of (re)framing necessary changes in ways that are psychologically palatable.
Addressing Disavowal: Toward Empowerment
An especially common form of denial of the reality of climate change is disavowal, which works to deflect anxiety by systematically distorting the truth. Disavowal tends to entrench thinking that climate change is 'none of my fault' while simultaneously increasing feeling that 'it is all my fault' [28] , neither of which is helpful for promoting positive action. As noted by [10] , sustainable HCI tends to locate the onus of responsibility for sustainability on the shoulders of individual consumers. We suggest this may feed this de-motivating spiral of disavowal.
Instead, sustainable HCI can work to disrupt this disavowal by providing greater clarity about the power relationships in play that contribute to the climate change problem. For example, visualizations or artistic or creative interventions may be utilized to powerfully showcase the data and facts that face us, illustrating complex inter-relationships between different agents, and capturing externalities presently hidden from public view. The ways in which the fossil fuel industry has systematically distorted the truth about climate change and influenced legislation (see [9] for examples) is one area where HCI and persuasive techniques may be employed to help people gain a sense of proportion about their own role in climate change as a necessary first step for identifying targets (e.g. the fossil fuel industry, politicians) for positive actions one can take, and spurring individuals and/or communities to take these actions. End User Development (EUD) is another important emerging field that aims to facilitate end-user empowerment [23] and could be utilized by citizens to further 'spread the word' of climate change realities.
Addressing Helplessness: Toward Activism
The previous routes to impact focus on creating the conditions for people to be psychologically able to care about climate change and to want to do something about it. These are necessary but insufficient for generating the kind of political force needed for instigating meaningful policy change. Especially when people are fired up about the need to do something, struggling to identify steps that can be taken toward affecting change can provoke fatalism (e.g. 'We're all doomed, so what's the point?'). A similar exasperation can result from feelings that current methods of participation are insufficiently influential, e.g. being able to add one's name to an online petition.
Beyond designing for democratic participation in policy making [14] , a necessary contribution from sustainable HCI, therefore, would be to innovate technologically-mediated or technologically-enhanced forms of activism (cf. [29] ). As part of this effort, research that explores the history of successful political movements with a view toward revealing specific qualities that any design for activism should aim to support would help ensure that the resulting activism has a maximally positive impact for the cause. A further exciting opportunity is in more fully understanding the potential for the use of crowd-sourcing to better enable the sharing of 'problems and associated solutions, together with their underlying rationale' [23] (cf. climatecolab.org), particularly how to do so in ways that can produce genuinely powerful ideas and the emergence of a broadly shared 'vision'.
DISCUSSION
Like everyone else, sustainable HCI researchers experience a psychological struggle with certain aspects of climate change. The initial years of sustainable HCI may be a manifestation of a particular kind of anxiety that is prone to 'omnipotent thinking' and employs a range of 'quick fixes' to the problem of climate change (and sustainability more broadly) (cf. [28, p. 33] ). The inconvenient side effects of pursuing a route to sustainability based on these (consumption based) quick fixes is that 1) it 'deflect[s] pressure for government to adopt ambitious and potentially unpopular policies and regulations' [6] , and 2) it reinforces the narrative that 'all will be well', a message that people are all too ready to believe. The recent interest in Collapse Informatics, however, seems to reflect the encroachment of helplessness, that there may be nothing sustainable HCI can do to help avert climate change. To the extent that this is grounded in the hope that the beginnings of collapse might serve as a psychological impetus for undertaking societal overhaul, Collapse Informatics may be seen as optimistic; but this hope does not align with the evidence [4, 22] that crisis tends to fuel the very emotional management strategies we have discussed which currently serve to prevent us from making headway on climate change. Hence our insistence on strengthening preventative efforts.
Ultimately, we are offering the same suggestion for sustainable HCI researchers that they might offer the general pubic: to overcome helplessness, sustainable HCI researchers need new opportunities to engage in activism. Depending on the style of researcher, this may include confrontational forms such as 'adversarial design' [9] or 'quieter' forms of 'design activism' (cf. [11] ). But assuming that sustainable HCI undertakes a strategy for affecting the supply side of climate change, the community cannot avoid being political. Becoming comfortable with being contentious is part of the work sustainable HCI researchers need to do to construct their identity as activists. Further discussions such the CHI'13 panel on activism are needed to explore the implications of this changing job description. In particular, strategies are needed for resolving the apparent tension that many of the research activities suggested here (and by other voices in the community) that can make a significant difference for sustainability are not easily justified in terms of their 'business case'; and indeed, attempting to make sustainable HCI a commercially viable proposition may be a significant contributor to the explosion of persuasive technology. In other words, while certainly no easy task, sustainable HCI researchers will likely have to affect significant change in mindset amongst funding bodies and mainstream publication venues as the core form of activism, in part by making it clear why the current, more easily funded Plan A is just not sufficient.
CONCLUSION
The 'HCI route' is certainly not the only route to addressing the five areas outlined in this short work. However, given the large volume of work currently targeting sustainability issues in HCI, our aim is to stimulate discussion on the balance and value of this HCI research and open up possible avenues for higher impact research. We passionately believe that HCI can and should aspire to loftier goals and have greater impact in this arena.
We propose that any engineering solutions to climate change proposed by sustainable HCI can only succeed if they are cou-pled with political action toward affecting the supply of fossil fuels, and that one route to promoting this political action is to address the barriers currently preventing this action. We hope that the challenge we have outlined is more inspiring than the current Plan A. We recognize that this may be on the edge of what is considered within the HCI remit, but we anticipate creative responses in these areas that may significantly re-shape the boundaries of sustainable HCI.
